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(57) Abstract 

Disclosed herein is a blunt end assembly including a catheter and a blunt end member. The blunt end member includes jaw sections 
which have a first closed position for locating the blunt end member at the site of the occlusion within the native lumen of the blood 
vessel and a second open position wherein the jaw sections are able to press against the interior walls of the lumen adjacent the occlusion. 
The assembly includes an actuation member for moving the jaw sections from the closed to the open positions repeatedly resulting in a 
fracturing of the occlusion. A guide wire may be thread through an internal opening in the catheter and the blunt end member and after 
fracturing, across the occlusion. 
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nFsrmPTION 
Crtaa&awfor Win? g VavdnUbsbBb* 

pirlr^rnnmHft l "' 1 r vcntion: 

This invention ,ela,es gene* to medical devices and especally 

L^m^~^^ fora,,ov,n 8 agu,dew,re 
.opass.h.oughd.eoeCusionwi.hMh.n^annn.enof^Wood vessel. 

^.scence^^so^e^ve— .s.ord.sease 
eondUions.nvo^s.enos.sCna^o.o— , of ,he lumen <,r«er,o, 
passageofnne^of an a W .Thisoond,,ion,Hno™ .enemas an 

f.W.^orcaicinedUssne^e^es,. An occ.us.on can n^ *. 
in pension (high b,ood pressure), ischemia (deficiency . — , 
m gLa(ches.pain), myocardial infarction (heart a«ac«, stioKe. or dea,h. M 

aorta, .he corona and caro,id arteries, and peripheral artenes. 

Ofparticularin.eresuocardi.cmedicincared.eofiend.sabl.ngorfa.l 

occlusions occurring in .he coronary arteries (arteries supplying .he heart). 
Tradino^lly.co^^eryocclusionshaveheen.rca.edhyperforn^g 

corona, bypass surgery, in which a segmen, of One patien., saphenous v,n ,s 
u k enfro m .h=p..ien,'slega„d,sg raft ed„n,o,h=a fr ec.edarter 5 .a l po.n.s 

proximal (ups,rear„) and dis,ai (do«ns,re»m) .o .he occluded segmen. The 
bypass of,enprovides dramatic relief. Howler, i. =n,ails dangerous open ches. 
^erv and a long, painfin. costiy convalescence in ft. hospi.al. Moreover. 
,vi*.hepassageof,im,,h=b !T asspa,ien ( s saphenous vein gmncana.0 

become occluded. lf*e parien, has a»o,her saphenous vein, a second bypass 
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fectunng the atheroma (stenosed tissue) n leh on e Hf 

^ ]umen wi„ stay ope, ? ^ ^ * ^ ° Ver 

housed In d 7 i0na, - C ° r0n ^ T. a catheter containing a cutter 

housed m its distal end is advanced over th.o •., • 

segment Theh ■ • ^ the guidewire the stenosed 

auicroma. in© shavings are collected in + k 
Stenting is a procedure in which a vv,«. «■ 

— - « vered . talloon Z2T taw as a s,enL is 

^ " 1L 71,5 h0 >«'-«» "come is , ta o, 5 SM1 
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^Wd.hc^luMenope.foraprolonged period. Frequently, a stent is 

placed in an artery immediately following PTCA or DCA. 

I , ml ,s,beno«d.howeve,, 1 hat.heatoremenhonedca.he Kre a I e over- 

,he-wire capers." These c*. depend on the guidewire. which .ypicall, 
te a ,iny bent portion a. i,s distal end for steering. Over-,h,wi,e cheters 
cannot be positioned adjacent the stenosis until the guidewire has been 
a dvancedacross the stenosed arterial segment. Thus, where the occluston ,s too 
severe to be crossed by a guided 0, where there ,s no. enough rem for the 
balloon, cutter, or stent delivery catheter, neither PTCA nor DCA nor starting 
« be done. Unfortunately, the occlusion often contains extremely hard, 
calcified tissue and presents an impenetrable barrier to the guidewire. Even a 
less «han ,o.l occlusion may contain complex structures which dtver. or trap the 
steering end of the guide*. Thus, the guide* might no. completely cross 
tte Jusion. bu. become divened in.o .he subintima. space b«w«en the — 
^^eatheromaorbecomeburiedinmeatheroma. m either case, the 

LentMnsuchc^bypasssurgcrymaybenecessary-theassc^d 

cost, risks, and recovery period. 

Thus, in patients suffering from severe or total arterial occluston, ,, s 
^ferabletodowhathasbeendifrtcultorimpossiblein.hepasv.toopentite 

a8ui dewireand working catheter can be passed mrough or around me a,he ro ma, 
th e severe or total occlusion cat be heated by PTCA, DCA. stenting. stte- 
specific drug delivery or a combination of these proven theraptes. 
, „ would be advantageous to find and open a pa* of low resistance, 

either through orarcund the atheroma. Of course, this must be done without 
perforating arterial w»„. Clearly, the serious consequences of penetrattng the 
aneria, - must be avoided a, a„ costs. The physician will no, use a system 
which would be unsafe and no patient would wan, a physician ,0 use such a 
30 system. Wore: any solutton ,0 the problem of finding and creating an 

op^in* through or around me atheromatous, be safe and in many instances 
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* t T fe " 10 pro * s re,iaWe — 

—.i^nrrrr — — — ■» 

„ . u '•• ana slow - Delay is unacceptable, for it 

Recently, promising optical systems have been disclosed for im • 

occlusion through a catheter nl- w , magIng an 

Coh^ r ' 0ne such s -™<™ is Optical 

Coherence Tomography fOCT^ !„nr T u 'optical 

*- hta, LLel ^ " f ' i8h ' ^ * " 

i«» *e flb rr ^ ,0K ""- * — «•■ «* back 

■trcrrr — • — --- 

THe beam in OCT is swept by mechanical rotation or movement of 
information about the arterv interior r 

Placed between the r H 3 Sp,i " er ™- v b * 

betweenthelightsourceandthecameterfibertoproduceareference 



SUBSTITUTE SHEET (RULE 26) 



PCT/US98/03067 

WO 99/40963 

beam which is directed to a reflector at a known distance. The catheter beam 
and the reference beam are recombined as they return. When the paths traveled 
by the two beams are of equal optical length, interference fringes are observable 
in the combined beam. Since the lengths of the reference path and the catheter 
5 fiber are known, the distance from the fiber end to a particular reflective feature 

within the arterv can be inferred. In OCT and related methods, signals may also 
be impressed upon the light beam to facilitate the measurement of distance or 
the detection of motion of objects relative to the fiber end. By means of OCT or 
other similar optical methods, imaging capability can be incorporated mto an 
1 o intravascular catheter or guidewire. 

However, while superior imagery alone is of diagnostic interest, 
effective intervention for severe occlusive arterial disease is what is truly 
desired. Even with improved guidance, there persists a long felt need for 
working elements which are capable of opening a path through or around an 
arterial occlusion at low risk of perforating the artery. What is needed ,s an 
intravascular catheter system for the effective treatment of the severely occluded 
artery and, in particular, the totally occluded artery. What is especially needed 
is a therapeutic working element which allows the physician to mechamcally 
fracture an occlusion or to separate the occlusion from the intimal surface, but 
20 which is operable in a manner unlikely to perforate the adventitia. 

4? v " F THF TNVENTTQM 

It is an object of this invention to provide a blunt end assembly for 
25 fracturing an occlusion within a blood vessel. 

It is an additional object of this invention to provide such an assembly 
wherein the assembly includes a catheter having a distal end and a proximal end 
and wherein a working end member fits in an interchangeable manner to the 
distal end of the catheter and wherein the working end comprises a blunt end 
30 member in accordance with the invention. 
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I. is an additional object 0[ais invemjon ^ ^ ^ 
wherein the blunt end member has . nm ^ pos .. on ^ a sKMd 
Po»o„ an, may be .pea,* opened md c , 0Md fc ^ fc 
within Hie native lumen of the blood vessel. 

In accordance with the above objec* and those tha, win be mentioned 

^ W0W ' *• "» e " d «*• — * <■ -^e 

with this invention comprises: 

a blun, end member collectable to die dishil end of the catheter me 
blunt end member sized and shaped for fining wimin the blood vessel and f„, 
tearing me „c c ,„si 0 „, m5 b|un , ^ ^ ^ ^ ^ ^ 

How„ g the blun, end member to be located a. the occlusion a*, a second 
position for fracturing the occlusion; and 

an actoticn me mbe, fo, moving die blun, end member befcveen the firs, 
and second positions, 

whereby the blun, end member is connect* to the distal end of the 
ca.he.er and me blun, end member is deliverable ,„ ,he occlusion in die firs, 
postuon and is actuable to , second position for faring the occlusion 
In one exemplary embodiment of the invention, an over-the-wire 
■~ar catheter is provided comprising a b,„„, end member disposed a, 

dista, end thereof and a securing balloon disposed about me distal end zone 
of the catheter proximal ,„ , he b, unl e „d member. The camcter tmd blun, end 
member an= sized and shaped so as to allow the blun, end member to be 
advancedintocontac, with aa occlusion in an arte-y. The b„o„n is disposed 
on the outer surfaceof the distal end zoneofme catheter and is inflate to 
secure the disal end of me catheter within me artery and thus to maintain 
cngagementofthebluntend member withthe occlusion. A balloon inflation 
lumen is provided in the catheter. 

^"'""•cn^embcrcomprisesfourjawsectionsflexiblvanachedto 

-hereof. ^ catheter comprises a rett aca b ,e actuation staft having a ball- 
ad femuie fixed to the dista, end thereof between the jaw section. To 
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accommodate a guidewire, the actuation shaft includes a lumen and the ferrule 
includes a center opening. The jaw sections have a first, closed position in 
which the catheter may be advanced to engage the jaws with the occlusion. 
When the actuation shaft is retracted, the ferrule impinges upon the inner 
surfaces of the jaw sections, urging them apart toward a second, open position 
to fracture the occlusion. 

It is an advantage of this exemplary embodiment of the invention that 
fracturing force is stably applicable to a severe or total arterial occlusion. It is a 
further advantage of this exemplary embodiment that a mechanical working 
element is stably operable upon a severe or total arterial occlusion in a manner 
unlikely to perforate the adventitia. 

In another exemplary embodiment of the invention, the jaw sections are 
spadeshaped. In the first, closed position, the jaw sections form a channel 
substantially confining the guidewire to the longitudinal axis of the blunt end 
member. It is an advantage of this exemplary embodiment that when the jaw 
sections are in the first, closed position, a guidewire may be advanced into a 
portion of the occlusion bounded by the points of contact with the distal ends of 
the jaw sections. 

In another exemplary embodiment of the invention, the ferrule has a 
frustoconical profile. 

In another exemplary embodiment of the invention, each jaw section 
includes a rectangular distal end. 

In another exemplary embodiment of the invention, the actuation 
member includes an actuation cable disposed in the catheter. The proximal end 
of the cable is manipulate from the proximal end of the catheter and the distal 
end of the cable is attached to the ferrule. It is an advantage of this exemplary 
embodiment of the invention that the cable increases the tension capacity of the 
actuation member during retraction of the ferrule. 

In another exemplary embodiment of the invention, the jaw sections are 
fabricated from an alloy comprising Nickel and Titanium. It is an advantage of 
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this exemplary embodiment of the invention that the superelastic properties of 
the alloy facilitate spreading of the jaw sections when the ferrule is retracted. 

In another exemplary embodiment of the invention, a part of the lumen 
of the actuating member includes a friction reducing coating. It is an advantage 
of this exemplar}' embodiment of the invention that the catheter and blunt end 
slide easily over the guidewire. 

In another exemplary embodiment of the invention, the mating surface 
defined by the impingement of the actuation member upon the blunt end 
member includes a friction reducing coating. It is an advantage of this 
exemplary embodiment of the invention that the actuation member encounters 
minimal fractional resistance while urging the jaw sections apart. 

In another exemplary embodiment of the invention, the entire blunt end 
member is fabricated from a single piece of material. It is an advantage of this 
exemplary embodiment of the invention that fabrication of the blunt end 
member does not require attachment or assembly of multiple parts. 

In another exemplary embodiment of the invention, the blunt end 
member includes a rigid tubular reinforcing member slidably disposed about the 
actuation shaft inside the distal end zone of the catheter. A tubular support 
member is disposed on the outer surface of the distal end of the catheter. The 
distal end of the support member includes a spring member deformably 
supporting a plurality of jaw sections. The support member is crimped onto the 
distal end zone of the catheter, securing the catheter onto the reinforcing 
member. It is an advantage of this exemplary embodiment of the invention that 
a simple yet secure attachment is formed between the catheter and the blunt end 
member. 

Brief Descri ption of the Drawing s 
For a further understanding of the objects and advantages of the present 
invention, reference should be had to the following detailed description, taken in 
conjunction with the accompanying drawings, in which like parts are given like 
reference numerals and wherein: 
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Fig. 1 illustrates an exemplary embodiment of the blunt end member for 
fracturing a total occlusion in accordance with this invention shown in partial 
cross section. 

Fig. 2 is a partial cross sectional view of the catheter having the blunt 
5 end member of Fig. 1 in the process of fracturing the total occlusion. 

Fig. 3 is an enlarged side view of the blunt end member having a first 
closed position and a second open position. 

Fig. 4 is an end view of the blunt end member of Fig. 3 in the first or 
closed position. 

10 Fig. 5 is a cross sectional plane view of the blunt end member of Fig. 1 

shown in cross sectional view. 

Fig. 6 is a cross sectional view of the blunt end member of Fig. 1 
shown in the second open position. 

Fig. 7 is a cross sectional plane view of another exemplary embodiment 
15 of the blunt end member in accordance with this invention. 

Fig. 8 is a cross sectional view of the blunt end member of Fig. 7 
shown in the second open position. 

Fig. 9 is an end view of the blunt end member of Fig. 8. 
Fig. 10 is an enlarged end view of the blunt end member of Fig. 7 
20 shown in the second or open position. 

• Detailed Description of the Invention 
The invention will be described particularly with reference to a coronary 
bypass arterial condition. As illustrated in Figs. 1 and 2, the blunt end member, 
in accordance with this invention, is shown adjacent to a total occlusion where a 
25 bypass is in the process of failing. The bypass has developed diffuse stenosis as 

shown in Figs. 1 and 2. Consistent with the above description, it is quite likely 
that where stenosis has developed sufficiently to block an arterial blood vessel, 
after a bypass is performed, stenosis in the bypass will also accumulate. Even, 
to the point that the bypass may also be blocked or become totally occluded. 
30 Using the blunt end member, in accordance with this invention, the original. 
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native biood vessel is reopened allowing the bypass to fade as the primary 
source of blood flow. 

It will of course be appreciated that the drawings are illustrative only, 
and that the invention made be used in any situation where the blood vessel, 
such as a coronary artery has been occluded, by stenosis or other arterial disease. 
The principal feature of the invention is to fracture the stenosis occluding blood 
flow and allow the native artery to resume the primary responsibility for blood 
flow. 

With particular reference to Fig. 1, there is shown the blunt end member 
assembly in accordance with this invention, generally designated by the numeral 
20. The assembly 20 includes a blunt end member, generally indicated by the 
numeral 22. and a catheter 24. An actuation member indicated by doted lines 26 
moves the blunt end member from a first closed position as illustrated in Fig. 1 
to an second open position as illustrated in Fig. 2. 

The catheter is positioned using a guide wire 28 as best shown in Fig, 2, 
so that the extreme distal end of the blunt end member is adjacent to the total 
occlusion, as shown in Figs. 1 and 2. Once positioned, the catheter which 
includes, in a exemplary embodiment, a member for stabilizing the assembly 20 
in the blood, namely, a balloon member 30. The balloon member 30 is inflated 
as shown in Fig. 2. so that the catheter remains in place during actuation of the 
blunt end member 22c 

With particular reference to Figs. 3 through 6. there is shown an 
exemplary first embodiment of the blunt end member 22. The blunt end 
member 22 has a proximal end 40 attached to the distal end of the catheter 24. 
The method of attachment is conventional within the skill and knowledge of the 
prior art and is not explained herein in detail. 

The blunt end member includes a set of sectional members defining jaw 
sections 42. The jaw sections 42 are located at the distal end of the blunt end 
member and are spaced equal distance of the longitudinal center line 44. Thus, 
as will be appreciated herein after, the jaw sections 42 open to a second position 
shown particularly in Figs. 3 and 6, and close to a first position as shown i 



i in 
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Figs. 3, 4, and 5. As will be explained below, an actuation member is required 
to move the jaw sections 42 from its first closed position to its second open 
position. 

The jaw sections 42 are generally spade shaped and are separate from 
one another as illustrated. This allows the jaw sections to meet flush against the 
arterial wall and the occlusion for optimizing fracturing of the occlusion. The 
jaw sections 42 are spaced apart as shown in Fig. 4. 

With respect to Figs. 5 and 6, there is shown an assembly view of the 
blunt end member 22 in accordance with the invention as illustrated in Fig. 4. 
Fig. 5 is a cross sectional view along line 5-5 of Fig. 4 and looking in the 
direction of the arrows. The blunt end member 22 includes a reverse conical 
urging member 50 and a spaced apart support member 52. The members 50 and 
52 are sized and shaped to fit within the same cavity or lumen of the catheter 24. 

Each of the members 50 and 52 includes a center opening along the 
longitudinal center line 44. The openings 50 and 52 are aligned so that a guide 
wire tube 54 is able to slide toward and away from the proximal end of the 
catheter 24. 

Attached to the guide wire tube 54 is a ferrule 56. The ferrule 56 also 
has a center opening aligned with the center openings of the members of 50 and 
52. However, the center opening of the ferrule 56 has a smaller diameter to 
match the guide wire 28 and not the guide wire tube 54. Thus, the ferrule 56 is 
designed to accommodate only the guide wire 28 and not the guide wire tube 54. 

The guide wire 28 is shown inserted in the center opening of the ferrule 
56. It will also be appreciated that the jaw sections 42 are spaced apart a 
sufficient distance along the longitudinal center line 44 so that the guide wire is 
guided thereby. As clearly shown in Fig. 5. the jaw sections 42. when closed, 
form a internal guide 58 for sliding the guide wire toward and away from the 
distal end of the catheter 24. 

The ferrule 56 may be made from a variety of materials including 
stainless steel, nickel titanium or other shape memory alloys and various 
engineering plastics. Additionally, other polymers or metal materials, which are 
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bio-compatible and have the mechanical characteristics necessary to perform the 
functions herein are equally suitable. 

The ferrule defines a frusto-conical shape, while the urging member 50 
forms a reverse compatible shape for sliding against the frusto conical shape of 
the ferrule 56. The surfaces where each of the ferrule 56 and the urgine member 
50 contact define a mating surface. The materials selected for each of the 
ferrule 56 and urging member 50 are compatible for such mating sliding contact 
In response to actuation, the ferrule 56 is pulled toward the proximal end 
of the catheter 24 causing the ferrule 56 to slide against the urging member 50 
the mating surfaces of each sliding across one another. As the ferrule is pulled 
towards the proximal end of the catheter, an increasing force is urged a ea inst the 
jaw sections 42 for spreading apart said jaw section, 42. Upon full actuation of 
the actuation member the jaws are fully open, as shown in Fig. 6. 

In an exemplary embodiment of the invention, the blunt end jaw 
members 42 must be made of material having sufficient strength to withstand 
the mechanical forces necessary to fracture the occlusion shown in Figs. 1 and 
2. In a preferred exemplary embodiment, the jaw sections are made from nickel 
t.tantum which has proven biocompatible as well as having sufficient strength 
for the function intended herein. 

The guide wire tube 54 is bonded to the ferrule as shown i n Fi eS . 5 and 
6. The bonding may-be similar to the bonding of the catheter and the blunt end 
member 22. Additionally, bonding may be done by use of adhesives such as 
loc-tite™, soldering, or chemical or physical bonding, of a suitable kind The 
guide wire tube 54 being thus, permanently connected to the ferrule in a bond 
which is strong enough to withstand the urging forces exerted against the 
occlusion. The interior opening of the members 50 and 52, provides a 8 uide for 
the gu,de wire tube 54 as the jaw sections 42 are opened and closed in repeated 
use. It may be advantages to coat the interior opening of the members 50 and 
52, as well as the exterior of the guide wire 54. with Teflon or similar polvmers 
so that the friction from the movement of sliding through the internal openins is 
greatly reduced. A reduction in friction wi... of course, result in more force ~ 
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being applied by the ferrule 56 against the urging member 50 to maximize the 
amount of fracturing power generated by the blunt end member 42. 

Conventionally, the guide wire tube 54 is a braided strand, and thus can 
be quite abrasive to the internal opening of the members of 50 and 52. Thus, the 
matter of applying a coating may be increasingly important to reduce the friction 
in the sliding movement. Additionally, it is preferable that the mating surfaces 
of the urging member 50 and the ferrule 56 also be as smooth as possible and 
chosen from compatible materials to minimize the amount of friction developed 
as the mating surfaces slide against one another in an effort to fracture the 
occlusion of Figs. 1 and 2. In an exemplary embodiment the ferrule and urging 
members are both made from nickel titanium. In another embodiment, the 
urging member 50 is made from stainless steel and the ferrule 56 is made from 
nickel titanium. Again, the mating surfaces of the ferrule 56 and urging member 
50 are made as smooth as possible to minimize the friction there between. 

As will be appreciated, the support member 52 provides support both 
internal and external to the assembly 20. The support member 52 remains 
fixedly attached to the distal end of the catheter 24 and provides an internal 
opening for the sliding movement of the guide wire tube 54. Additionally, as 
will be appreciated in Figs. 5 and 6, the jaw sections 42 have a proximal end 
zone 60 which surrounds both the urging member 50 and the support member 
52. The proximal end zone of the jaw sections 42 secures the members 50 and 
52 together to provide the assembly 20. As shown in Fig. 6 the support 
member is notched at shoulder 62 to provide a secure connection fit with the 
jaw sections 42. 

It will, of course, be appreciated that the entire assembly, including 
members 50 and 52, as well as jaw sections 42, may be made from a single 
piece of nickel titanium (NiTi) for a unified assembly. In another exemplary 
embodiment in accordance with a unified assembly, the jaw sections would be 
notched with an opening at elbow 64, as shown in Fig. 6. This would allow 
space for deformation of the jaw sections along an axis predetermined by the 
angle and length of the opening. 
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With respect to Figs. 7 through 1 0, there is shown a second 
embodiment of the blunt end member in accordance with this invention, 
generally designated by the numeral 100. The blunt end member 100 includes 
jaw sections, as illustrated in Figs. 8 and 10, designated by the numeral 102 
The blunt end member 100 includes a spring member 104 and a support 
member 1 06. A reinforcing member 1 08 is positioned between the catheter tube 
24 and the guide wire tube 54 in the guide wire lumen of the catheter tube 24 
Attached to the guide wire tube 54 is a ferrule 56 as discussed previously with 
regard to the earlier described embodiment. 

Similar to the reverse conical urging member 50, the spring member 104 
has a mating surface for mating with the ferrule 56, as clearly shown in Fig 8 
Upon actuation, the ferrule 56 is pulled toward the proximal end of the catheter 
24 and the mating surfaces engage and separate the jaw sections 102, as shown 
» Fig.. 8 and 10. Upon releasing the actuation member, the spring member 
104 urges the jaw sections 102, back to their original and first closed positioned 
as clearly shown in Figs. 7 and 9. The spring member 104 serves to connect the 
jaw sections 102 and the rest of the blunt end member 100, and specifically the 
support member 106. The support member 1 06 is crimped at its proximal end 
1 10. The reinforcing member 108 is positioned so that the crimp in the support 
member 106 sandwiches the distal end of the catheter tube 24. It will be 
appreciated that the hoop strength provided by the reinforcing member 108 
enables a secure attachment of the support member to the distal end of the 
catheter tube 24. It will be further appreciated that the crimp in the support 
member, plus the added hoop strength provided by the reinforcing member 108 
prov.de a secure connection for the entire blunt end member 100. 

Typically the blunt end member is supported by the connections at the 
jommg of the spring 1 04. the jaw sections 102, and support member 106 These 
jomts can be done in a variety of ways. For example, it is preferable to bond the 
members with an epoxy, should they be made of a polymer or to use welding 
soldering, or brazing, if the members are made from metal. 
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In a preferred exemplary embodiment, the spring 104 is made from 
nickel titanium as are the support member 106 and jaw sections 102, In other 
embodiments, it is contemplated within the scope of this invention to make the 
support and spring members. 106 and 104 f respectively, from stainless steel. 
5 Additionally, the reinforcing member 1 08 may be made alternately from nickel 

titanium or stainless steel. It is also contemplated that various other types of 
materials are suitable for manufacturing of the blunt end member 100 as 
described above. 

The operation of the second exemplary embodiment will now be 

10 described in detail with reference to Figs. 7 through 10. As shown in Fig. 7, the 

blunt end member 100 is in its normal or first closed position, as clearly 
illustrated in Fig. 7. As is typical in DCA operations, the guide wire 28 is fed 
through the lumen of the blood vessels of a patient. Upon reaching the selected 
location, such as that illustrated in Figs. 1 and 2, the guide wire will meet an 

15 occlusion. The blunt end member 100 with ferrule 56 will be positioned, as 

described earlier, directly adjacent to the occlusion. Although not shown, it will 
be appreciated that the balloon 30 of Figs. 1 and 2 may also be adapted for use 
with the second exemplary embodiment shown in Figs. 7 through 10. 

After stabilization of the catheter 24 in the lumen of the blood vessel, the 

20 blunt end member 100 is activated by pulling on an actuation member such that 

the mating surfaces of the spring 104 and the ferrule 56 are brought into contact 
with one another. The ferrule 56 moves the jaw sections 102 away from the 
longitudinal center line 44 of the catheter as described earlier with reference to 
Figs. 1 through 6. This operation is repeated until fracturing occurs, as clearly 

25 shown in Fig. 2. Once fracturing occurs, and the guide wire 28 can be fed 

through the natural lumen of the blood vessel, the catheter may be removed and 
another working end may be brought to bear upon the occlusion. Such working 
end may include an angioplasty device, atherectomy catheter device, or a stent 
or other known medical methods, for removing the occlusion once the guide 

30 wire 28 is across the occlusion. 
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CLAIMS 



What is claimed is: 

1 . An assembly for a catheter having a proximal end and a distal end and a 
longitudinal axis between the ends, the assembly designed for fracturing an 
occlusion within a blood vessel, the assembly comprising: 

a blunt end member connectable to the distal end of the catheter, the 
blunt end member sized and shaped for fitting within the blood vessel and for 
fracturing the occlusion, the blunt end member having a first position for 
allowing the blunt end member to be located at the occlusion and a second 
position for fracturing the occlusion; and 

an actuation member for moving the blunt end member between the first 

and second positions, 

whereby the blunt end member is connectable to the distal end of the 
catheter and the blunt end member is deliverable to the occlusion in the first 
position and is actuable to a second position for fracturing the occlusion. 

2. The assembly as set forth in Claim 1 , wherein the blunt end member 
includes a plurality of jaw sections disposed about the longitudinal axis of the 
catheter, the jaw sections having a first position wherein the jaw sections are 
closed for location adjacent the occlusion and a second position wherein the 
jaws are open for fracturing the occlusion. 

3. The assembly as set forth in Claim 2 wherein at least one jaw section is 
spadeshaped. 

4. The assembly as set forth in Claim 2 wherein at least one jaw section 
includes a distal end having a rectangular shape. 

5. The assembly as set forth in Claim 2. wherein at least one jaw section 
has a 
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rectangular paw disposed at the distal end thereof 

6- The assembly as set forth in Claim 1 wherein the actuation member 
comprises: 

an actuation shaft, disposed in the catheter, having a proximal end 
manipulate from the proximal end of the catheter and a distal end proximate 
the distal end of the catheter and proximate the blunt end member; and 

a ferrule, attached to the distal end of the actuation shaft, disposed 
proximate the blunt end member. 



7. The assembly as set forth in Claim 6 wherein the ferrule has a frusto- 

conical 

profile. 



8- The assembly as set forth in Claim 6 wherein the ferrule has a ball- 
shaped profile. 

9. The assembly as set forth in Claim 6 further comprising an actuation 
cable, disposed in the catheter, having a proximal end manipulate from the 
proximal end of the catheter and a distal end attached to the ferrule. 

10. The assembly as set forth in Claim 1 wherein the actuation member 
comprises: 

an actuation shaft extending from the blunt end member to the proximal 
end of the catheter; and 

a ferrule, fixed to the distal end of the actuation shaft, impinging upon 
the blunt end member. 

whereby, upon actuation, the shaft is pulled toward the proximal end. 
urging the blunt end member to a second position. 
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11. The assembly as set forth in Claim 1 wherein the catheter includes a 
securing member for holding the catheter in place at the location of the 
occlusion; the securing member being selectively activatable. 

1 2. The assembly as set forth in Claim 6 wherein the catheter includes a 
securing member for holding the catheter in place at the location of the 
occlusion: the securing member being selectively activatable. 

13. The assembly as set forth in Claim 12 wherein the securing member 
comprises an inflatable balloon disposed about the outer surface of the catheter 
proximate the blunt end member and the catheter includes at least one balloon 
inflation lumen communicating with the interior of the balloon. 

14. The assembly as set forth in Claim 10 wherein the catheter includes a 
securing member for holding the catheter in place at the location of the 
occlusion; the securing member being selectively activatable. 

1 5. The assembly as set forth in Claim 10, wherein the catheter has multiple 
lumens, at least one lumen for actuation shaft. 

16. The assembly as set forth in Claim 10, wherein the blunt end member 
includes a plurality of jaw sections disposed about the longitudinal axis of the 
catheter, the jaw sections having a first position wherein the jaw sections are 
closed for location adjacent the occlusion and a second position wherein the 
jaws are open for fracturing the occlusion. 

17. The assembly as set forth in Claim 16, wherein the jaw sections are so 
shaped that, in at least one position, the jaw sections form a channel 
substantially confining the guidewire to the longitudinal axis of the assembly. 
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18- The assembly as set forth in Claim 16, wherein the jaw sections are 
fabricated from an alloy comprising Nickel and Titanium. 

19. The assembly as set forth in Claim 1, wherein the actuating member 
includes a proximal end. a distal end. and a lumen therebetween for 
accommodating a guidewire. 



20. The assembly as set forth in Claim 16, wherein the ferrule includes a 
longitudinal center opening for accommodating a guidewire. 

21. The assembly as set forth in Claim 19, wherein at least a part of the 
lumen of the actuating member includes a friction reducing coating. 

22. The assembly as set forth in Claim 10, wherein the impingement of the 
actuatton member upon the blunt end member defines a, least one mating 
surface and at least one mating surface includes a friction reducing coating. 

23. The assembly as set forth in Claim 16, wherein the blunt end member is 
fabricated from a single piece of material. 

24. The assembly as set forth in Claim 10, wherein the blunt end member 
father comprises: 

a rigid tubular reinforcing member fixed within the distal end zone of 
the catheter and slidably disposed about the actuation shaft; 

a tubular support member including a proximal end fixedly disposed on 
the outer surface of the distal end of the catheter and further including a distal 
end; and 

a spring member including a proximal end connected to the distal end of 
the support member and a distal end deformably supporting a plurality of jaw 
sections. 
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25. The assembly as set forth in Claim 24, wherein the support member is 
crimped onto the distal end zone of the catheter. 



26. The assembly as set forth in Claim 10. wherein the catheter has multiple 
5 lumens, at least one lumen for the securing member. 

27. The assembly as set forth in Claim 1 9, wherein the actuating member 
includes an outer surface and at least a part of the outer surface of the actuating 
member includes a friction reducing coating. 
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